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We, Aluminum Company of America, a 
corporation organised under the laws of the 
State of Pennsylvania, United States of 
America, of Alcoa Building, Pittsburg, Pen- 
nsylvania, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement : — 
This invention relates to the thermal treat- 


mem: of articles of aluminium base alloys- -additional gassing of the metal 


phere. However, it has been found that the 
presence of small quantities of moisture in 
the surrounding atmosphere results in the 
failure of such degassing. This failure to degas 
may be explained by reaction between the 
metal surface and moisture forming metal 
oxides and a high hydrogen partial pressure 
at the metal surface which prevents loss of 
hydrogen from the metal into the surrounding 
atmosphere. In some cases, the hydrogen par- 
tial pressure may be sufficiently high to cause 


containing magnesium. More particularly, it 
is directed to a treatment for aluminium- 
magnesium alloys to prevent subsequent atmos- 
pheric and high-temperature oxidation and 
corrosion, and to facilitate degassing of 
(finished and semi-finished articles of such 
alloys. 

Thermal treatments, such as preheating for 
hot-working, annealing, solution heat-treat- 
ment and aging, are generally employed during 
the fabrication of products from aluminium 
and aluminium base alloys. These treatments 
are usually carried out in air atmosphere fur- 
naces. In an air atmosphere which has not 
been dried and at temperatures above 800° F. 
but below the melting point of the alloy, 
aluminium-magnesium alloy articles tend to 
buster and slain, resulting in an objectionable 
appearance and sometimes a considerable 
decrease in mechanical strength. This effect 
is referred to as high-temperature oxidation. 

Some finished and semi-finished articles of 
alu m i n in m- magnesium alloys have been found 
to contain appreciable quantities of hydrogen, 
which may give rise to objectionable discon- 
tinuities in the metal structure. These dis- 
continuities are generally quite easily detect- 
able by ultrasonic testing "techniques. It has 
•been proposed to heat such articles in air for 
prolonged periods of time to diffuse hydrogen 
from the metal into the surrounding atmos- 

[Prio 


To -minimize hi$i temperature oxidation, 
various methods have been employed to protect 
these alloys at temperatures above 800° F 
Spedfication 494,274 discloses the addition 
of fluorme-comaining substances in vapour 
form to a nonndried air atmosphere to pro- 
vide a protective environment or such alloys. 
The vapour is conveniently generated from 
solid compounds which decompose at the 
elevated temperatures, above about 800° F. 
Hie metal is usually charged to a furnace 
already heated to the desired high temperature 
and containing, the protective atmosphere or 
supplied with the vapour-generating fluoride 
compounds if the protective atmosphere has 
not been previously provided, and it is quickly 
heated to the desired temperature. 

U.S. Patent 2379,467 discloses a protective 
treatment for aluminium alloy forgings in 
which an aqueous solution of sodium fluoro- 
borate is applied to the foregoing which is 
then dried prior to being heated to the solu- 
tion heat treating temperature. The coated 
forging is quickly heated to the required tem- 
perature in accordance with conventional 
practice. 

Although these processes have been helpful 
in many cases, they have not eliminated 
altogether the undesirable blistering and stain- 
ing which often occurs on articles of 
aluminium-magnesium alloys, nor have they 
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proven effective in reducing die gas content of 
the metal- 
It has been found that the blistering and 
staining of such alloys is apparently related 

5 to the oxidation of magnesium atoms at the 
external surface of the article and that the 
particles of these oxides or other oxy-com- 
pounds act as focal points or channels for 
further oxidation on and within the surface. 

10 This oxidation is apparently caused by the 
attack of water upon the surface, oxidizing 
the aluminium and magnesium and releasing 
hydrogen. 

It has further been determined that above 
15 a certain critical temperature, there is a rapid 
increase in the rate of magnesium atom 
diffusion to the surface and concomitant oxi- 
dation of the magnesium. Whereas in previous 
methods oxidation has been inhibited by pro- 
20 viding a protective atmosphere above that 
critical temperature, it has new been dis- 
covered that, for complete protection of 

alnminmm-maan^mrn alloys they must be 
subjected to prelirninary vapour treatment 

25 below that temperature, more particularly at 
a point below the onset of any substantial 
amount of magnesium oxidation. 

It is an object of this invention to provide 
a preliminary thermal treatment for 

30 aluminium- magnesium alloy articles which 
substantially prevents Mgh-temperature 
* oxidation. 

Another object is to provide a treatment 
for aluminium-magnesium alloy articles which 

35 will promote subsequent degassing of such 
articles in an atmosphere containing moisture. 

It is also an object to provide a treatment 
for such articles which develops a surface 
condition that permits storage in industrial 

40 atmospheres for prolonged periods of time 
without corrosion. 

A further object is to provide surface pro- 
tection on aluminium-magnesium alloy articles 
which is stable at elevated temperatures in 

45 the presence of oxygen and moisture. 

ItThas been found that the foregoing objects 
can be attained by a method of treating 
finished or semi-finished articles of aluminium 
base alloys containing magnesium wherein the 

50 articles are coated wkh an organic ammonium 
fluorobofate which yields boron trifluoride 
when heated to a temperature between 400° 
F. and 750° F., and heating the coated 
articles to a temperature between 400° F. and 

55 750° F., but in all cases below the critical 
oxidation temperature of the alloy, for a 
period of time sufficiently long to cause sub- 
stantial disappearance of the organic substance 
whereby a protective film is developed on the 

60 surface of the article which is substantially 
free from organic material. The alloy articles 
which have been treated in this manner 
strongly resist oxidation at temperatures above 
800° F. and up to the melting point of the 

65 lowest melting point constituent in the alloy 


which is often referred to as the temperature 
of incipient fusion. In addition the treated 
articles may be degassed by subsequent heat- 
ing for prolonged periods of time, even in 
the presence of moisture. 70 

The critical oxidation temperature of an 
aluminium-magnesium alloy is defined as the 
lowest temperature at which the formation of 
magnesium oxide can be detected by electron 
diffraction techniques. This may be a partial- 75 
lar temperature or a very narrow temperature 
range on the ordtr of 2C D F., and hencs the 
term is intended to cover both conditions. It 
is directly dependent upon the length of 
exposure in an untreated air atmosphere, the 80 
humidity of the furnace atmosphere, and the 
alloy composition, primarily the magnesium 
content. Although it can be determined 
readily for each set of conditions, it has been 
observed that these points fall within the range 85 
of 575 to 750° F., and generally 600 to 675° 
F. 

Generally, the electron diffraction determin- 
ation involves heating samples in air to various 
temperatures and under various conditions of 90 
humidity and time. After such treatment, the 
samples are exposed to an electron beam in 
diffraction apparatus wherein the beam is 
reflected from the surface of the samples and 
a pattern is made upon a film as in X-ray 95 
diffraction studies. By comparing the pattern 
with that of a known sample, the nature of 
the substance on the surface of the metal 
sample can be determined. This diffraction 
pattern provides a qualitative, indication of 100 
the presence of magnesium oxide. 

The term " alurninmm-^nagnesium alloy" 
as herein employed refers to an aluminum 
base alloy containing on a weight basis 0.1 
to 15 per cent magnesium, with or without 105 
the presence of other elements, such as from 
0.1 to 12 per cent copper or 0.25 to 14 per 
cent silicon or 0.1 to 20 per cent zinc or 0.1 
to 3 per cent manganese, or combinations of 
two or more of these elements. Any of the 110 
foregoing alloys may also contain one or more 
of the following elements, often referred to as 
" hardeners", in the following percentages: — 

0.05 to 0.5 per cent chromium 

0.01 to 0.5 per cent titanium 115 

0.25 to 2.5 per cent nickel 

0.01 to 0.5 per cent boron 

0.002 to 2 per cent beryllium 

0.1 to 0.5 per cent molybdenum 

0.1 to 0.5 per cent zirconium 120 

0.1 to 0.5 per cent tantalum 

0.1 to. 05 per cent columbium 

0.1 to 05 per cent cobalt 
However, the total amount of the latter ele- 
ments should not exceed 3 per cent 125 

The term w aluminium base alloy n as used 
herein refers to those alloys which contain at 
least 50 per cent by weight of aluminium. 

The term " organic boron trifluoride-carrier 
compound " as used herein refers to organic 130 
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ammonium fluoroborates which yield boron tri- 
fluoride in a reactive state between 400 and 
750° F. These compounds may be described 
as the products of reaction between fluoroboric 

5 acid, KBF 4 , and the constituent am me or 
amide. Generally, it is preferred to use com- 
pounds which decompose or yieki boron tri- 
fluoride above 400° F. but below 575° F., the 
lowest critical oxidation temperature observed 

10 for an aluminium-magnesium alloy. The boron 
trifluoride, or substance containing boron tri- 
fluoride in a reactive state, is generally pro- 
duced by the pyrolytic decomposition of the 
carrier compound. Compounds of this group 

15 may be used singly or in combination. 

Examples of such carrier compounds are the 
aliphatic ammonium fluoroborates, di-n-butyl 
ammonium tetrafluorohorate, n-octadecyl 
N, N, N-trimethyl ammonium tetnafLuoro- 
20 borate, and di-n-amyl ammonium tetrafluoro- 
borate. 

It has been found that the boron trifluoride- 
carrier compounds should yield substan- 
tially no boron trifluoride below 400° F. since 
25 the protective film, if any, developed below 
this temperature is considerably less effective 
as an inhibitor than that produced by boron 
trifluoride above 400° R, possibly due to the 
formation of a different crystalline structure 
30 in the surface reaction product. Nevertheless, 
the carrier compound may decompose over a 
wide temperature range above 400° F. as is 
generally experienced in commercial products 
of this type which contain impurities. How- 
35 ever, some decomposition may commence 
below 400° F., but the amount is small and 
can be disregarded. 

The organic boron trifluoride-carrkr com- 
pound is preferably applied to the surface of 
40 the aluminium-magnesium alloy in a solution, 
although it may be applied in a molten state. 
Tne solution may be applied by spraying, 
swabbing, or immersing the article. The pre- 
ferred embodiment of this invention utilizes 
45 an alcoholic or aqueous solution of the organic 
boron trifluoride-carrier compound containing 
at least 0.4 per cent by weight of boron tri- 
fluoride and preferably about 2.6* per cent 
In addition, wetting or other surface active 
50 agents may be added to improve the appli- 
cation. The coated articles are heated to a 
temperature of 400° F. or -above where thev 
are maintained until the organic substance 
substantially disappears and the fluoride film, 
55 which is substantially free from organic 
material, is formed. Periods from one to forty- 
five rninutes have been satisfactory to accom- 
plish this purpose. Treatment periods or less 
than one minute do not permit development 
o0 of a satisfactory film or substantial disappear- 
ance of the organic coating while treatments 
in excess of forty-five minutes do not provide 
any additional protection or offer any further 
benefit. Generally, periods from one to twenty 
05 rninutes are sufficient, however, longer times of 


treatment are desirable in the case of alloys 
particularly susceptible to oxidation or when 
the surface oxide film is of greater thickness 
than that normally developed by exposure to 
the atmosphere. 70 

The alloy articles treated in accordance 
with this invention may be subjected to higher 
heat-treating temperatures or may be removed 
for storage or subsequent heat treatment The 
protective film developed erTectively prevents 75 
atmospheric corrosion by industrial fume. 

The present process may be practised in' an 
untreated air atmosphere, i.e., a normal air 
atmosphere as commonly employed in heat- 
treating furnaces. No drying of the air need 80 
be undertaken as moisture can be tolerated; in 
fact, the invention has be=n succeselully 
employed even in furnace atmospheres having 
dew points on the order of 125° F. Also, 
observations indicate that more satisfactory 85 
results are obtained when the furnace atmos- 
phere contains at least i grains of water per 
cubic foot or furnace volume, hut is should nor 
exceed 45 grains per cubic foot In addition, 
the atmosphere may be contaminated with 90 
such substances as sulphur dioxide, hydrogen 
chloride, ammonia, carbon monoxide and car- 
bon dioxide without adverse effect upon the 
action of the boron trifluoride. 

Gases which are inert toward the 95 
olunimium-mfagnesium alloys may be employed 
in place of air such as nitrogen, argon, helium 
and fuel gas. The term "atmosphere" as 
used herein includes air, the inert gases, or 
combinations thereof. iqq 

Further, this invention is most effectively 
practiced when the alloy articles have not pre- 
viously been subjected to temperatures above 
their critical oxidation temperature. The pre- 
■sence of magnesium oxide on the surface, 105 
winch has been produced in preceding thermal 
treatments, is observed to reduce the effective- 
ness^of boron trifluoride, presumably due to 
the lormauon of ozy-fiucride complexes, bat 
tiiere is still substantial benefit to be derived 110 
from the treatment of the present invention. 
The temperature employed for the subse- 
^gassing treatment should be above 
750 F. but below die temperature of inci- 
pient fusion of the alloy. As is well known, 115 
the higher the temperature, the greater the 
rate of diffusion and the shorter the time 
required. Generally, for aluminium magnesium 
alloys a temperature cf 900 to 975° F has 
been found satisfactory. " 120 

-The period for the degassing treatment 
will depend primarily on the thickness of the 
aruck tang treated (the shortest diffusing; 
path). Generally at 940° F. periods in excess 
of several hours and up to 20 days or more are 125 
necessary; for articles having a maximum 
cross-section of £ inch, periods in excess of 
lo nours have been found adequate A thick- 
ness of 1 inch will generally require a period 
in excess of 40 hours at the same temperature- 130 
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10 to 15 days may be required for cross- 
sections. Le. thicknesses, larger than 3 to 4 
inches. Generally, the time required for the 
treatment will be related to the rate of hydro- 
5 gen diffusion in the alloy at a given tem- 
perature. 

Subsequent to the degassing treatment, the 
treated article should be subjected to a work- 
ing step to effect some reduction in size, thus 
10 healing the voids left by the diffused hydro- 
gen. The percentage of reduction necessary 
wDl be determined by the nature of the 
article and its original gaseous content. 

The term " degassing " as used herein, con- . 
15 templates both the removal of gas from the 
metal and the prevention of regassing of the j 
metal. _ . i j 

The efficacy of the present invention is 
illustrated by the following examples: — 


20 Example 1. 

A lot of 0.01 inch foil test strips of an 
alloy consisting of aluminium, 15 per cent 
magnesium, 4.5 prr cent copper and 0.65 per 
cent manganese wai divided into two groups 

25 of rpccimtns and heat treated for 16 
hours at 920° F. in an air atmosphere having 
a dcTr point of 125° F. The first group of 
specimens had bctn pretreated by swabbing 
with a solution containing 7.5 per cent by 

30 weight of di-n-butyl ammonium tetrafluoro- 
boritr in isopropyl alcohol and heated to a 
temperature of 500 to 550° F. for a period 
of five minutes. Upon the removal from the 
heat-matins ocerarion, the nVst group of 

35 specimens found to be free from blister- 
ing and f twining but the untreated group was 
medcratdy blistered and had a grey-black 
stain. 

Example 2. 

40 A lot cf 0.01 inch foil test strips of an alloy 
consisting of aluminium, 2.5 per cent mag- 
nesium and 025 per cent chromium was 
divided into two groups of specimens and 
heated 16 hours at a temperature of 950° F. 

45 in an .^ir artrosphere having a dew point of 
125° F. Trie first group of specimens had 
been pretreated by swabbing with a solutior 
containing 10 per cent by weight of n-octa- 
decyl N,N,N-trimcthyl ammonium tetrafluoro- 

50 borate in isoprcpvl alcohol and heated to i 
temperature of 550° F. for a period of ter 
minutes. Upon examination the pretreated; 
group of specimens was found to be free from\ 
blistering and staining while the untreated \ 

55 was moderately blistered and had a dark grey 
stain. / 
Example 3. 
A lot of 0.01 inch foil test strips of an 
alloy consisting of alurrimium. 1.0 per cent 

60 magn-sium 2nd 0.3 per cent manganese was 
divided into two groups of specimens and 
heated for 16 hours at a temperature of 950° 
F. in an air atmosphere having a dew point 
of 125° F. The first group of specimens had 


been pretreated by swabbing with a solution 65 
containing 7 per cent by weight of di-n- 
amyl ammonium tetra-fluoroborate in iso- 
propyl alcohol and heated to a temperature of 
575° F. for a few minutes. Upon inspection 
the pretreated group was free from blistering 70 
and staining but the untreated was moderately 
blistered and had a grey-black stain. 

Example 4. 
A lot of sheet ingots of an alloy consisting 
x>f aluminium, 2.5 per cent magnesium, and 75 
<X25 per cent chromium was divided into two 
groups of specimens and preheated for 30 
hours at a temperature of 950° F. prior to 
hot-rolling into sheet The first group had 
been pretreated by swabbing with a solution 80 
of 7.5 per cent by weight of di-n-butyl 
ammonium terxaflouroborate in isopropyl 
alcohol and heated through a temperature 
-range of 450 to 575° F. for a period of thirty 
.tninutes. Upon inspection after preheating, the 85 
pretreated ingots were found to be free from 
staining although the untreated had a grey- 
black to bhie-black stain indicating heavy 
oxidation. 


Example 5. 90 
At lot of \ inch thick specimens was taken 
from a forging ingot of an alloy nominally 
consisting of aluminium, 4.4 per cent copper 3 
0.9 per cent silicon, 0.8 per cent manganese 
and 0.4 per cent magnesium. The ingot 95 
had been rejected because of porosity. The 
specimens were divided into two groups and 
heated at 950° F. for 16 hours in an air 
atmosphere having a due point of about 80° 
F. One group of specimens was pretreated by 100 
swabbing with a solution containing 7£ per 
cent by weight of di-n-butylammonium tetra- 
fluoroborate in isopropyl alcohol and heated 
at a temperature of 450 to 550° F. for about 
15 minutes. Hie other group received no 105 
preliminary treatment Upon removal from the 
furnace, both groups of specimens were sub- 
jected to gas evaluation by rapidly heating 
the specimens under reduced pressure to mag- 
nify voids. Upon inspection, the treated group 110 
of specimens was found to be free from such 
magnified voids whereas the untreated showed 
moderate to considerable quantities of such 
magnified voids. -This test indicates that the 
treatment of the present invention enabled the 115 
degassing of even rejected metal by heating 
for extended periods of time in an atmos- 
phere containing moisture. 
WHAT WE CLAIM IS: — 
1. A method of treating a finished or semi- 120 
finished article composed of an aluminium base 
alloy containing from 0.1 to 15 per cent mag- 
nesium, which comprises coating said article 
with an organic ammonium fluoroborate which 
yields BF, when heated to a temperature 125 
between 400° F. and 750° F., and heating 
said coated article to a temperature between 
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400 and 750° F. but below the critical orida- 
fion temperature of said alloy for a period of 
™L™~^ l0ng t0 cause substantial dis- 
toraTe. ° rganic ammon n™ finoro- 

2. A method according to Claim 1, in which 
&e organic ammonium fluoroborate comprises 
di-n-butyl ammonium tetraflouroborate n- 
octadecyl-N^-trimethyl ammonium tetrt 
fluoroborate, or di-n-amyl ammonium tetra- 
nuoroborate. 

whL A .? eth0d at ? ordin g to Claim 1 or 2, in'. 

!i gamC . ammo ™ fluoroborW 
^ B ?» heated to a temperature 

Kt? j^V a between 

1 rn ^ ! r^ d u ac ^ rdine to of Claims 
1 to 3, in which said coated article is heated 
m an air atmosphere. 
5. A method according to Claim 4, in which 


the air atmosphere contains at least | but not 
more than 45 grains of water per cubic foot 
t>. A method according to any of Claims 
1 to i, in which said article is subsequendy 25 
S^S? ^c^i treatment at a tempera- 
ture above 750° F. but below the temperature 
of incipient fusion. y 
«; ^method of treating a finished or semi- 
finished aluminium base alky article substan- 30 
tutfly as hereinbefore described with reference 
to the examples. 

nJ'//™ 81 ^ °- f^-finisbed article com- 
posed of an aluminium base alloy comainine 

%Zj?i f ° 15 ^ «* magnesium wheS 35 
g^i by to the method according to any of 

STEVENS, LANGNER, PARRY 
& ROLLDJSON, 
Chartered Patent Agents, 
Agents for tie Applicants. 
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